Abstract: A large number of studies have explored the diagnostic value of miR-210 as a potential diagnostic cancer biomarker to detect various cancers in patients. However, the results of its diagnostic accuracy and reliability in individual studies are still inconsistent. Therefore, we conducted this updated pooled analysis to derive a more reliable conclusion of the overall accuracy of miR-210 in cancer detection and diagnosis. A comprehensive literature search was performed using the PubMed, Cochrane Library, Web of Science, China National Knowledge Infrastructure, and Wanfang databases. The quality of all eligible studies was scored according to Quality Assessment of Diagnostic Accuracy Studies-2 guidelines. The bivariate mixed model was applied to pooled sensitivity, specificity, likelihood ratios, and diagnostic ORs. The summary receiver operator characteristic (SROC) curve and the hierarchical SROC models were used to check overall diagnostic performance. Thirty articles with 2,304 patients and 1,673 controls were included in this study. The pooled parameters calculated from all studies are as follows: sensitivity -0.74 (95% CI: 0.68-0.79), specificity -0.79 (95% CI: 0.74-0.83), positive likelihood ratio -3.57 (95% CI: 2.85-4.47), negative likelihood ratio -0.32 (95% CI: 0.26-0.40), diagnostic OR -10.98 (95% CI: 7.55-15.98), SROC -0.84 (95% CI: 0.80-0.87). All of these results revealed that miR-210 had relatively moderate accuracy in distinguishing patients with various cancers from all other individuals. However, well-designed prospective studies with large sample sizes using different groups of the population are urgently warranted to confirm our findings.
Introduction
effective tumor-specific biomarker for early detection and diagnosis of cancer is becoming urgent and vital.
miRNAs, a class of small, non-coding, endogenous, singlestranded RNAs of a length of 22 nucleotides, function as potential oncogenes or tumor suppressor genes and play vital regulatory roles in tumorigenesis and tumor progression. 8, 9 Accumulating evidence has demonstrated that blood-based miRNAs could serve as novel and noninvasive biomarkers for detecting and diagnosing patients with various cancers. 10, 11 miR-210, located on chromosome 11p15.5, contributes to the development of several cancers, including bladder cancer (BLCA), renal cell carcinoma (RCC), lung cancer (LC), and pancreatic cancer (PAAD). 12 A number of studies have explored the possible clinical usage of miR-210 in detecting and diagnosing cancers. Due to limited sample sizes and variation in study design, the overall result is inconsistent and inconclusive. Although two previous meta-analyses about the diagnostic significance of miR-210 in cancer detection have already been published several years ago, there are some defects in these studies. 13, 14 First, the results of both metaanalyses may lack statistical power due to the limited number of eligible studies enrolled. Recently, a large number of new studies have been conducted to explore the accuracy of miR-210 in the detection and diagnosis of cancer. Second, one of the two meta-analyses explored the accuracy of miRNA-210 only in LC detection. 14 To avoid the previously mentioned limitations, we conducted this pooled analysis to derive a more reliable conclusion of the overall accuracy of miR-210 in the detection and diagnosis of cancer.
Materials and methods

Identification of miR-210 associated with various cancers
For identification of miR-210 expression in various cancers, we used SPSS-23 and GraphPad Prism 6 based on transcriptome profiling of TCGA with information of clinicopathological characteristics downloaded from UCSC Xena (http:// xena.ucsc.edu/). All data from UCSC Xena were analyzed using the Student's t-test and the non-parametric test. The results are expressed as mean ± SD and P-values of less than 0.05 are considered as statistically significant.
Search strategy
The electronic databases PubMed, Cochrane Library, Web of Science, China National Knowledge Infrastructure (CNKI), and Wanfang were searched to identify relevant papers about miR-210 and cancer published by October 20, 2017 . The search terms were as follows: ("diagnosis" OR "sensitivity" OR "specificity" OR "ROC") and ("microRNA-210" OR "miRNA-210" OR "miR-210" OR "miR-210" OR "hsamir-210") and ("cancers" OR "carcinomas" OR "neoplasms"). Two reviewers (Anbang He and Song Feng) independently checked the abstract after the articles were found and read the full text if necessary to evaluate the quality of the articles. Conflicts of opinion between the two reviewers regarding the articles were resolved by other reviewers.
inclusion and exclusion criteria
The inclusion criteria included: 1) the diagnostic value of miR-210 in detecting cancer; 2) a case control group designed with benign tumors; and 3) sufficient data that could be extracted or calculated from the article to obtain diagnostic parameters. The exclusion criteria were as follows: 1) letters, reviews or meta-analyses; 2) not related to either miR-210 or cancer or diagnostic value; 3) insufficient data that could not be extracted or calculated from the article to obtain diagnostic parameters.
Data extraction and quality assessment
The necessary information from the eligible studies was extracted by two investigators independently. The data extracted from eligible studies were listed as follows: 1) first author, 2) year of publication, 3) country, 4) ethnicity, 5) cancer type, 6) normalizer, 7) sample type, 8) test method, 9) the value of the cutoff, 10) number of cases and controls, 11) the diagnostic parameters including true positive, false positive, false negative, and true negative. Moreover, information missing from the original articles was obtained by contacting the relevant corresponding author. Study quality was assessed according to Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) guidelines. 15 The QUADAS-2 list was used on each article, with each answer being either "yes(Y)," "no(N)" or "unclear(U)."
Statistical analysis
All the statistical analyses were performed by using Stata (StataCorp LP, College Station, TX, USA, version 13.0). The bivariate meta-analysis model was applied to our analysis to calculate pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic OR (DOR). 16 We also established a summary receiver operator characteristic (SROC) curve and calculated the AUCs and 95% CI. These data were confirmed by a hierarchical SROC (HSROC) model. 17 Spearman correlation coefficients and ROC plane analyses were conducted to evaluate the heterogeneity of the threshold effect. 18 Heterogeneity
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Diagnostic significance of miR-210 as a potential tumor biomarker of non-threshold effects was assessed using Cochran-Q and Inconsistency index (I 2 ) tests. A P-value less than 0.10 for the Q test or an I 2 value higher than 50% indicated obvious heterogeneity between the studies. Meta-regression and subgroup analyses were applied to find out potential sources of heterogeneity. Fagan's nomogram was used to certify relationships between prior-test probability, likelihood ratio, and post-test probability. Deeks' funnel plot asymmetry test was used to assess potential publication bias.
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Result miR-210 expression and clinicopathological characteristics
The clinicopathological characteristics of various cancers, including the expression of miR-210 (3 p and 5 p), overall survival, and relapse-free survival (RFS) were analyzed by using data from the UCSC Xena website. All results are shown in Table 1 . As shown in Figure 1 , the expression of both miR-210-3p and miR-210-5p were up-regulated in BLCA, breast cancer (BRCA), kidney clear cell carcinoma (KIRC), kidney papillary cell carcinoma (KIRP), stomach cancer (STAD), and lung squamous cell carcinoma (LUSC) (Figure 1 ). Up-regulated miR-210-3p expression in KIRC was positively correlated with shorter RFS (Table 1) .
Literature search
Three hundred and thirty-three potentially relevant articles were found using the PubMed, Cochrane Library, Web of Science, CNKI, and Wanfang databases. The abstracts of all of these studies and the full-text, if necessary, were checked by two reviewers; after duplicates, irrelevant articles, reviews or meta-analyses were excluded, 30 articles remained and were included in our meta-analysis as shown in Figure 2 .
Data characteristics and quality assessment
The necessary information from the 30 articles that were included, as shown in Table 2 , was extracted and included the following: 1) first author; 2) year of publication: ranged from 2009-2017; 3) country: one from Egypt, one from France, one from Germany, two from Japan, the rest of the studies from China; 4) ethnicity: 17 studies were Asian, eight studies were Caucasian/African, three studies were Caucasian, one study was African; 5) cancer type: included non-small-cell lung cancer: six studies, LC: four studies, BLCA: two studies, RCC: five studies, PAAD: six studies, colorectal carcinoma (CRC): two studies, BRCA: one study, gastric cancer (GC): one study, glioma: one study, leukemia: one study; 6) sample type: serum: 20 studies, sputum: five studies, urine: two studies, pancreatic juice: one study, fecal matter: one study; 7) test method: qRT-PCR: 28 studies, microarray: one study. We evaluated all of the included studies according to the QUADAS-2 tool. The results are summarized in Table 3 . We found that the overall quality of the studies included was relatively moderate. 
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Notes: ① was a consecutive or random sample of patients enrolled? ② was a case control design avoided? ③ Did the study avoid inappropriate exclusions? ④ were the index test results interpreted without knowledge of the results of the reference standard? ⑤ If a threshold was used, was it prespecified? ⑥ is the reference standard likely to correctly classify the target condition? ⑦ were the reference standard results interpreted without knowledge of the results of the index test? ⑧ was there an appropriate interval between index tests and reference standard? ⑨ Did all patients receive a reference standard? ⑩ Did all patients receive the same reference standard? ⑪ were all patients included in the analysis? N for "no," Y for "yes," U for "unclear." Abbreviation: QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2. (Figure 6 ). Figure 7 shows Fagan's nomogram of likelihood ratios, which was used to determine the post-test probabilities that resulted from different pre-test probabilities. As shown in Figure 7 , when miR-210 assays were tested for all individuals with a 50% pre-test probability of having cancer, a positive result would increase the post-test probability of having cancer to 78%, while a negative result would decrease the post-test probability to 25%. Thus, miR-210 can be applied as a noninvasive biomarker to supplement existing diagnostic methods. As shown in Figure 8 , an HSROC curve was constructed. The hierarchical summary operating point estimate of sensitivity and specificity was 0.74 (95% CI: 0.68-0.79) and 0.79 (95% CI: 0.74-0.83), respectively. The estimated value of β was -0.087 (95% CI: -0.55-0.38), the value of z was -0.37, and the P-value was 0.75, implying that the SROC curve was not symmetrical. The value of Lambda was 2.41 (95% CI: 2.03-2.79). All of these results revealed that miR-210 had relatively moderate accuracy in distinguishing cancer patients from all other individuals.
Meta-regression and robustness tests
In order to find potential sources of heterogeneity, we performed a meta-regression analysis based on variables including the number of cases (yes $60, no ,60) and controls (yes $60, no ,60), cancer type, sample type (bloodbased: serum, non-blood-based: sputum, urine, pancreatic juice, fecal matter), normalizer, and ethnicity. As shown in Figure 9 , several variables including normalizer (U6), ethnicity (mixed: Caucasian/African), the number of cases (yes $60, no ,60), and cancer type (RCC, LC, PAAD) had a large effect on sensitivity. However, all variables had a great impact on specificity. Therefore, we then conducted subgroup analyses based on these factors. All results are presented in Table 4 . Goodness-of-fit and bivariate normality analyses ( Figure 10A and B) showed that the bivariate model was moderately robust. Influence analysis identified Table 2 . Abbreviations: SENS, sensitivity; SPEC, specificity.
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Diagnostic significance of miR-210 as a potential tumor biomarker four outliers, while three outliers were found through outlier detection ( Figure 10C and D). After comprehensive consideration, we decided to exclude these three outliers (①⑨ ) and retain the fourth outlier ( ). After exclusion, there was no significant change between these results and the overall results (Table 2) .
Threshold effect and heterogeneity
Both the ROC plane and Spearman rank correlation coefficient were conducted to evaluate the threshold effect because of differences among cut-off values. The ROC plane was generated using Stata 13.0, and displayed a non-typical shoulder arm appearance, indicating that there was no threshold effect ( Figure 11A ). The Spearman correlation coefficient was -0.15 (P=0.02), suggesting that there was no threshold effect. The I 2 of the heterogeneity tests of sensitivity and specificity were 96.95% and 96.95%, respectively, indicating significant heterogeneity. Therefore, meta-regression analysis and subgroup analyses were used to explore potential sources of heterogeneity in sensitivity and specificity.
Publication bias
Deeks' funnel plot asymmetry test was used to explore potential publication bias. The P-value of the linear regression was 0.09, suggesting that there was no publication bias ( Figure 11B ).
Discussion
With the rapid development of next-generation sequencing technology, a large number of genes have been identified to be dysregulated during expression and involved in the occurrence and development of tumors. In recent years, miRNAs have been identified to function as regulators of gene expression that contribute to tumorigenesis and tumor progression. 20 Since miRNAs can be easily collected from body fluids such as plasma, serum, urine, and secretions using noninvasive procedures, accumulating evidence suggests that body fluid-based miRNAs could function as potential novel and noninvasive biomarkers for the detection and diagnosis of cancer. 21, 22 miR-210 is an miRNA that has been found to be up-regulated in various cancers compared with adjacent normal tissues. 12, 23, 24 A large number of studies have revealed that miR-210 acts as an oncogene to promote tumor development and progression via different signaling 
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Feng et al pathways, including the NF-κB signaling pathway. 25, 26 Many studies have explored the possible clinical usage of miR-210 in detecting and diagnosing cancers. However, the overall diagnostic accuracy of miR-210 is inconsistent in the literature due to the inescapable limitations of each study. Although two previous meta-analyses about the diagnostic significance of miR-210 in the detection of cancer have already been published several years ago, there are some 
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Diagnostic significance of miR-210 as a potential tumor biomarker defects in these studies. To avoid the limitations mentioned previously, we conducted this meta-analysis to derive a more reliable conclusion of the overall accuracy of miR-210 in the detection and diagnosis of cancer. The pooled overall sensitivity and specificity of the studies were 0.74 (95% CI: 0.68-0.79) and 0.79 (95% CI: 0.74-0.83), respectively (Figure 3 ). The I 2 values for sensitivity and specificity were 88.07% (95% CI: 84.69-91.44) and 79.44% (95% CI: 72.67-86.22) respectively, suggesting significant heterogeneity in sensitivity and specificity. Therefore, meta-regression analysis and subgroup analysis were used to explore potential sources of heterogeneity in sensitivity and specificity. We found that ethnicity, cancer type, normalizer, sample type, and the number of cases and controls had great influence on inter-study heterogeneity, which can be seen in Figure 9 . Therefore, we then conducted subgroup analyses of these factors. All results are presented in Table 4 . The pooled PLR and NLR were 3.57 (95% CI: 2.85-4.47) and 0.32 (95% CI: 0.26-0.40), respectively. The DOR was 10.98 (95% CI: 7.55-15.98). The area under the SROC curve was 0.84 (95% CI: 0.80-0.87). The hierarchical summary operating point estimate of sensitivity and specificity were 0.74 (95% CI: 0.68-0.79) and 0.79 (95% CI: 0.74-0.83), respectively. The estimated value of β was -0.087 (95% CI: -0.55-0.38), the value of z was -0.37, and the P-value was 0.75, implying that the SROC curve was not symmetric. The value of lambda was 2.41 (95% CI: 2.03-2.79). Furthermore, Fagan's nomogram was used to determine post-test probabilities resulting from different pretest probabilities to explore the clinical value of miR-210. As shown in Figure 7 , when miR-210 assays were tested for all individuals with a pre-test probability of 50% to get cancer, a positive result would increase the post-test probability of having cancer to 78%, while a negative result would decrease the post-test probability to 25%. All of these results revealed that miR-210 had relatively moderate accuracy in distinguishing cancer patients from all other individuals.
Several limitations of this study should still be highlighted for a comprehensive and synthetic interpretation. First, a majority of eligible studies did not mention the stage of cancer. Therefore, the present study did not evaluate differences in the diagnostic accuracy of miR-210 in various cancers at different stages. Second, not all of the studies reported a cutoff value for miR-210, which largely contributed to potential sources of heterogeneity. Third, the sample types were inconsistent and included serum (19 studies), sputum (five studies), urine (three studies), pancreatic juice (one study), and fecal matter (one study). Due to the limited study size of each individual study, subgroup analysis by sample type could not be explored. Fourth, the studies included were not randomly compared tests, implying that subjective judgement may exist, possibly leading to a low study quality QUADAS-2 score. Despite these limitations, our study is the most comprehensive meta-analysis to evaluate the diagnostic value of miR-210 for patients with various cancers.
Conclusion
To summarize, the results of this meta-analysis revealed that miR-210 had relatively moderate accuracy in distinguishing patients with various cancers from all other individuals, and provided comprehensive and synthetic evidence of miR-210 as a potential noninvasive biomarker in the detection and diagnosis of cancer. However, well-designed prospective studies with large sample sizes of different groups of the population are urgently needed to confirm our findings.
